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Université Denis Diderot-Paris7, F-75252 Paris, France
56aINFN Sezione di Perugia, I-06100 Perugia, Italy
56bDipartimento di Fisica, Università di Perugia, I-06100 Perugia, Italy
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We report a measurement of the inclusive semileptonic branching fraction of the Bs meson using data
collected with the BABAR detector in the center-of-mass energy region above the ð4SÞ resonance. We
use the inclusive yield of  mesons and the  yield in association with a high-momentum lepton to
perform a simultaneous measurement of the semileptonic branching fraction and the production rate of Bs
mesons relative to all B mesons as a function of center-of-mass energy. The inclusive semileptonic
branching fraction of the Bs meson is determined to be BðBs ! ‘XÞ ¼ 9:5þ2:52:0ðstatÞþ1:11:9ðsystÞ%, where ‘
indicates the average of e and .
DOI: 10.1103/PhysRevD.85.011101 PACS numbers: 14.40.Nd, 13.20.He
Semileptonic decays of heavy-flavored hadrons serve
as a powerful probe of the electroweak and strong interac-
tions and are essential to determinations of Cabibbo-
Kobayashi-Maskawa matrix elements (see, for example,
‘‘Determination of Vcb and Vub’’ in Ref. [1]). The inclusive
semileptonic branching fractions of the Bd and Bu mesons
are measured to high precision by experiments operating at
theð4SÞ resonance, which decays almost exclusively toB B
pairs (here and throughout this note, B B refers to Bd Bd and
*Now at Temple University, Philadelphia, PA 19122, USA
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Bu Bu). However, lacking an analogous production mecha-
nism, information on branching fractions of the Bs meson
remains scarce nearly two decades after its first observation
[1]. Here we report a measurement of the inclusive semi-
leptonic branching fraction of the Bs meson using data
collected with the BABAR detector at the PEP-II
asymmetric-energy electron-positron collider, located at
the SLAC National Accelerator Laboratory. The data were
collected in a scan of center-of-mass (CM) energies
above the ð4SÞ resonance, including the region near the
Bs Bs threshold. As  mesons are particularly abundant
in Bs decays due to the Cabibbo-Kobayashi-Maskawa-
favored Bs ! Ds transition, the inclusive production rate
of mesons and the rate of  mesons produced in associa-
tion with a high-momentum electron or muon can be used to
simultaneously determine the Bs semileptonic branching
fraction and the Bs production fraction as a function of the
CM energy ECM.
The energy scan data correspond to an integrated lumi-
nosity of 4:25 fb1 collected in 2008 in 5 MeV steps in the
range 10:54 GeV  ECM  11:2 GeV. In a previous
study [2], we presented a measurement of the inclusive b
quark production cross section Rb ¼ ðeþe ! b bÞ=
0ðeþe ! þÞ in this energy range, using this
same data sample (0 is the zeroth-order QED cross sec-
tion). In the present study, we also make use of 18:55 fb1
of data collected in 2007 at the peak of the ð4SÞ reso-
nance, and 7:89 fb1 collected 40 MeV below the ð4SÞ,
to evaluate backgrounds from continuum (eþe ! q q,
q ¼ u, d, s, c quark production) and B B events. We choose
below-resonance data for which detector conditions most
closely resemble those of the scan, and on-resonance data
corresponding to roughly twice the luminosity of the
below-resonance sample. The sizes of these samples are
sufficient to reduce the corresponding systematic uncer-
tainties below those associated with irreducible sources.
The BABAR detector is described in detail elsewhere [3].
The tracking system is composed of a five-layer silicon
vertex tracker (SVT) and a 40-layer drift chamber (DCH)
in a 1.5-Tesla axial magnetic field. The SVT provides a
precise determination of the track parameters near the
interaction point and standalone tracking for charged par-
ticle transverse momenta (pt) down to 50 MeV=c. The
DCH provides a 98% efficient measurement of charged
particles with pt > 500 MeV=c. The pt resolution is
pt=pt ¼ ð0:13  pt þ 0:45Þ%. Hadron and muon identifi-
cation in BABAR is achieved by using a likelihood-based
algorithm exploiting specific ionization measured in the
SVT and the DCH in combination with information from
an instrumented magnetic-flux return and the Cherenkov
angle obtained from the detector of internally reflected
Cherenkov light. Electron identification is provided by a
combination of tracking and information from the CsI(Tl)
electromagnetic calorimeter, which also serves to measure
photon energies. For the evaluation of event reconstruction
efficiencies across the scan range, simulated samples of
eþe ! þ, continuum, and eþe ! BðÞq BðÞq , q ¼ u,
d, s events, created with the KK2F [4], JETSET [5], and
EVTGEN [6] event generators, respectively, are processed
through a GEANT4 [7] simulation of the BABAR detector.
For this measurement, we present the scan data as a
function of ECM in bins of 15 MeV. In each bin we measure
the number of B B-like events (defined below), the number
of such events containing a  meson, and the number of
events in which the  meson is accompanied by a charged
lepton candidate. The results are normalized to the number
of eþe ! þ events in the same energy bin so that
the luminosity dependence in each bin is removed. These
three measurements are used to extract the fractional num-
ber of Bs Bs events and the semileptonic branching fraction
BðBs ! ‘XÞ. The procedure is described in detail below.
To suppress QED background, events are preselected
with a multihadronic event filter optimized to select B B
and Bs Bs events. The filter requires a minimum number of
charged tracks in the event (3), a minimum total event
energy (4.5 GeV), a well-identified primary vertex near
the expected collision point, and a maximum value of the
ratio of the second to zeroth Fox Wolfram moments [8]
(R2 < 0:2) calculated in the CM frame using both charged
tracks and energy depositions in the calorimeter, where the
latter are required not to be associated with a track.
A different preselection is used to identify muon pair
events. Events passing this selection must have at least two
tracks. The two highest momentum tracks are required to
be back-to-back in the CM frame to within 10 degrees,
appear at large angles to the beam axis (j cosCMj<
0:7486), and have an invariant mass greater than
7:5 GeV=c2. In addition, we require that less than 1 GeV
be deposited in the electromagnetic calorimeter. This se-
lection is 43% efficient for simulated þ events while
rejecting virtually all continuum events.
Candidate  mesons are reconstructed in the  !
KþK decay mode, by forming pairs of oppositely
charged tracks that are consistent with the kaon hypothesis.
In each event, the  candidate with the best-identified K
daughters is selected by assigning a weight to each K
based on the particle identification criteria. The  candi-
date with the largest sum of kaon weights is selected. The
invariant mass distribution of these candidates is used to
determine the yield in a given ECM bin using a maximum
likelihood fit. Events containing  candidates and an elec-
tron or muon candidate with a CM momentum exceeding
900 MeV=c are used to determine the yield of events with
both a  and a lepton (-lepton events). The requirement
on the lepton momentum suppresses background from
semileptonic charm decays.
Figure 1 shows, as an example, theKþK invariant mass
distribution for (a) all  candidates, and (b) -lepton can-
didates, in the energy bin 10:8275<ECM < 10:8425 GeV.
These mass distributions are fit to the function
J. P. LEES et al. PHYSICAL REVIEW D 85, 011101(R) (2012)
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with mK the world-average mass value [1] of the K
.
VðmKK;m;; Þ is a Voigt profile (the convolution of a
Breit-Wigner function 1=ððmKK mÞ2 þ 2=4Þ with a
Gaussian resolution function) normalized to unity, so that
N is the number of events in the peak.We fix the mean (m)
and Breit-Wigner width () to the world-average values of
the  mass and natural width [1], and the width of the
Gaussian resolution () by first performing all of the 
fits with the parameter left free, then fixing it to theweighted
mean of all of the values obtained across the scan. The value
in data determined by this method is  ¼ 1:61
0:04ðstatÞ MeV=c2. The combinatoric background is mod-
eled as the product of a linear term and a threshold cutoff
function parameterized by the slope of the linear term (b)
and a relative scaling (c).
To determine the and-lepton yields from B decays in
each ECM bin, the contribution of continuum events is sub-
tracted.This is achievedbyusing the data collected below the
ð4SÞ described above. The event, , and -lepton yields
are measured in this data set following the same procedures
described above. These yields are corrected for the energy
dependence of the reconstruction efficiencies and are then
subtracted from the scan yields in each ECM bin. This pro-
cedure neglects the different energy dependence of a small
component of the hadronic and dimuon cross sections,
primarily due to the presence of initial state radiative
(ISR) eþe ! ð1S; 2S; 3SÞ and two photon eþe !
eþe ! eþeXh events, which do not scale according
to 1=E2CM. The effect of these contributions is to introduce a
small energy dependence on the amount to be subtracted
from each bin. The average size of this effect is estimated to
be less than 2% of the below-resonance event yield. The
impact on the result is taken as a systematic uncertainty.
)2) (GeV/c-K+m(K







































FIG. 1 (color online). Invariant mass distribution of  !
KþK candidates in the energy bin 10:8275 GeV  ECM 
10:8425 GeV: (a) inclusive  candidates; (b) -lepton candi-
dates. The background shape is shown by the dashed curve and
the total fit by the solid curve.
 (GeV)CME






































































FIG. 2. Relative (a) event, (b) , and (c) -lepton yields,
normalized to the þ yields. Corrections for detector effi-
ciency have not been applied. The dotted vertical line indicates
the Bs production threshold.
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The normalized event, , and -lepton yields after
the continuum subtraction are presented in Fig. 2. These
three quantities, denoted Ch, C and C‘ respectively, can
be expressed in terms of contributions from events con-
taining BðÞu;d and B
ðÞ
s events, the cross section ratio RB P
q¼fu;d;sgðeþe ! Bq BqÞ=þ , and the related recon-
struction efficiencies, as follows:













X) is the efficiency for a Bu;d (Bs) pair to con-
tribute to the event,  or -lepton yield. The efficiencies
are estimated from simulation, while PðB B ! XÞ and
PðB B ! ‘XÞ, which are the probabilities that a  or a
-lepton combination is produced in an event with a B B
pair, are measured using the ð4SÞ data sample described
above. Specifically, we determine the  and -lepton
yields in the ð4SÞ data. We then apply Eqs. (2)–(4) with
fs ¼ 0 to extract PðB B ! XÞ and ‘PðB B ! ‘XÞ.
Simulations are used to extrapolate the values of the effi-
ciencies to other energies.
The remaining unknown quantities of interest are the
probabilities PðBs Bs ! XÞ and PðBs Bs ! ‘XÞ that a
Bs Bs pair will yield a  or -lepton event. To estimate
PðBs Bs ! XÞ we use the current world averages [1]
of the inclusive branching fractions BðBs ! DsXÞ,
BðDs ! XÞ, andBðD ! XÞ. Here and in the following
D refers to the sum of D and D0 contributions. Also
needed are estimates of the unmeasured branching frac-
tions BðBs ! c cÞ and BðBs ! DDsXÞ. The former
quantity accounts for direct Bs !  production, a substan-
tial fraction of which arises from Bs to charmonium de-
cays. We use the central value from the simulation, 1.7%,
which is roughly consistent with charmonium production
in the B system. For the latter quantity we use a naive quark
model prediction of 15% for b ! ccs.
The inclusive  yield in Bs decays can be expressed as
PðBs ! XÞ ¼ BðBs ! DðÞs XÞBðDs ! XÞ
þBðBs ! c cÞ
þBðBs ! DDsXÞBðD ! XÞ; (6)
from which we determine
PðBs Bs ! XÞ ¼ 2PðBs ! XÞ  PðBs ! XÞ2: (7)
The unknown quantities in Eqs. (2) and (3) are fs and the
common normalization RB. The ratio fs can be determined
as a function of ECM by eliminating RB between the two
equations. The result is presented in Fig. 3. The ratio fs
peaks around the ð5SÞ mass. The total excess below the
Bs Bs threshold and deficit above 11 GeVare consistent with
zero within 1.5 and 1.3 standard deviations, respectively.
Using Eq. (4), a 2 is constructed from the measured and
expected values of PðBs Bs ! ‘XÞ across the entire scan.
The 2 is minimized with respect to BðBs ! ‘XÞ. The
following processes contribute to C‘ from Bs Bs events:
primary leptons originating from a Bs semileptonic decay,
secondary leptons resulting from semileptonic decays of
charmed mesons, and 	 or K misidentified as e or .
The contribution from primary leptons arises from events
where one or both Bs mesons decay semileptonically, and
we determine the-lepton efficiency for each case (denoted
s‘ for one semileptonic decay and 
s
‘‘ for two). It is found
that s‘ ranges from 8.5%–10% and 
s
‘‘ is about 10%.
For the secondary lepton contribution, we consider
events with up to two leptons coming from D, D0 or
Ds decays. The selection efficiency in this case is esti-
mated as the product of the  reconstruction efficiency in
Bs Bs events in which neither Bs decays semileptonically
but a lepton candidate is identified (referred to below as
D), and a lepton detection efficiency determined from
simulation (D‘ ). It is found that 
D
 lies in the range
15%–16.5%, and D‘ in the range 8%–9.5% per lepton.
The contribution from hadrons that are misidentified as
leptons is estimated from simulation to be 3.3% of the
-lepton candidates in Bs Bs events.
For the expected and measured  yields, we find
 (GeV)CME








FIG. 3 (color online). Results for the fraction fs as a function of
ECM. The inner error bars show the statistical uncertainties and the
outer error bars the statistical and systematic uncertainties added
in quadrature. The dotted line denotes the Bs threshold.
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s‘PðBs Bs ! ‘XÞPrimary ¼ ð2s‘  s‘‘ÞBðDs ! XÞ½2þBðDs ! XÞ½BðBs ! ‘XÞ2
þBðBs ! ‘XÞs‘½BðDs ! XÞ þ ½1BðDs ! XÞPðBs ! XÞ; (8)
s‘PðBs Bs ! ‘XÞSecondary ¼ 2D‘ Df½BðDs ! ‘Þ þBðDs ! ‘XÞBðDs ! XÞ
BðDs ! ‘ÞBðDs ! XÞ½BðBs ! ‘XÞ2 þ ½PðBs ! XÞðBðDs ! ‘Þ
BðDs ! ‘XÞÞ BðDs ! ‘Þ BðBs ! DsXÞBðDs ! ‘Þ
BðBs ! DsXÞBðDs ! ‘XÞBðDs ! XÞ þBðBs ! DsXÞBðDs ! ‘Þ
BðDs ! XÞ þ ðBðDs ! XÞ  2Þ
 X
i2u;d;s
BðBs ! DðÞs DiðXÞÞBðDi ! ‘XÞBðBs ! ‘XÞ
þBðBs ! DsXÞPðBs ! XÞ½BðDs ! ‘XÞ BðDs ! ‘Þ
þBðBs ! DsXÞBðDs ! ‘Þ þ ½BðBs ! XÞ þBðDs ! XÞ
 PðBs ! XÞBðDs ! XÞ
X
i2u;d;s
BðBs ! DðÞs DiðXÞÞBðDi ! ‘XÞg; (9)
s‘PðBs Bs ! ‘XÞExpected ¼ fs‘  0:591BðBs ! ‘XÞ  ð2s‘  s‘‘Þ  0:289 ðBðBs ! ‘XÞÞ2
þ DD‘ ½0:1375 0:2721BðBs ! ‘XÞ þ 0:1339 ðBðBs ! ‘XÞÞ2g; (10)












where Eq. (10) is the sum of Eqs. (8) and (9) after sub-
stituting the values of known quantities. The first line in
Eq. (10) expresses the contribution from primary leptons
and the second that from secondary leptons. Equations (10)
and (11) describe the measured and expected values used
to form the 2 to be minimized, along with the statistical
uncertainties of each of the measured quantities and the
uncertainties in the energy-dependent efficiencies.
The expression in Eq. (10) for the expected value of
s‘PðBs Bs ! ‘XÞ is quadratic in the unknown BðBs !
‘XÞ, and so a 2 formed from the deviation of the
expected from the measured values, summed over all
bins above the Bs Bs threshold, is quartic in this unknown.
Minimizing the 2 with respect to the Bs semileptonic
branching fraction we find BðBs ! ‘XÞ ¼ 9:5þ2:52:0%.
Figure 4 shows the dependence of 2 on BðBs ! ‘XÞ.
Systematic uncertainties are summarized in Table I and
include the contributions described below.
(i) Uncertainties for branching fractions, which are ei-
ther taken from Ref. [1] when known, or assumed to
be 50% forBðBs!c cÞ andBðBs!DDsXÞ. These
are separately listed in Table I, as is BðBs ! DsXÞ,
which contributes a very large uncertainty compared
to the other branching fractions.
(ii) Requirements used in the event preselection, includ-
ing the lepton momentum requirement. The uncer-
tainty due to the lepton momentum requirement
dominates in this group, and reflects the dependence
of the result on the decay model used to simulate Bs
semileptonic decays.
(iii) Fixed parameters used in the fits to mKK, including
m, , .
(iv) The parameterization of the background and ab-
sence of a term in the fit corresponding to threshold
contributions from light scalars.
 l X) (%)→sBr(B












FIG. 4. 2 formed from the measured and expected yields, as
described in the text, as a function of the semileptonic branching
fraction. Note that since we express the branching fraction as the
average of the e and  channels, the physical bound is 50%.
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(v) Uncertainties in particle identification (PID) effi-
ciencies and hadron misidentification probabilities.
(vi) The determination of PðB B ! XÞ and PðB B !
‘XÞ in ð4SÞ data (these quantities are deter-
mined to 1% and 1.8% relative uncertainty).
(vii) Sensitivity of efficiencies to differences in branch-
ing fractions implemented in simulation compared
to their measured values.
(viii) Uncertainties in the continuum-subtracted
number of events due to ISR and two photon
events, which do not follow a 1=E2CM energy
dependence.
(ix) A correction made to the continuum subtraction of
the number of B B-like events due to an over-
subtraction found in simulation studies. The size
of this correction is about 1% of the amount to be
subtracted; we use 100% of this correction as a
systematic uncertainty.
(x) Possible bias in the 2 minimization technique
at low statistics. First, evaluating the behavior of
this method for extracting BðBs ! ‘XÞ for many
pseudo-data samples derived from the simulated
data set gives evidence for a small bias at low
statistics. Second, it was found that the analysis
performed in high statistics simulation tends to over-
estimateBðBs ! ‘XÞ by an amount corresponding
to half the statistical error reported.
To determinewhether the uncertainties from these sources
scalewith the result or not, eachwas evaluated in a simulation
sample with a higher semileptonic branching fraction and
compared with the result in the normal simulation sample. It
was found that the uncertainty from the determination of
PðB B ! ‘XÞ inð4SÞ data does not scalewith the branch-
ing fraction, nor does the uncertainty contributed by several
of the input branching fractions. These are thus separated in
Table I. The remaining uncertainties are found to scale with
BðBs ! ‘XÞ and thus to be multiplicative.
Our final result for the inclusive semileptonic branching
fraction is 9:5þ2:5þ1:12:01:9%, which is the average of the branch-
ing fractions to e and .
In conclusion, we performed a simultaneous measure-
ment of the Bs semileptonic branching fraction and its
production rates in the CM energy region from
10.56 GeV to 11.20 GeV. The semileptonic branching
fraction is consistent with theoretical calculations in
Refs. [9,10]. Our measurement of the Bs production rates
are consistent with the predictions of coupled channel
models [11], in which Bs production peaks near the
ð5SÞ and is vanishingly small elsewhere.
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